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ABSTRACT 
SUPAWADEE NAORUNGROJ: Effect of Surface Sealant on Staining Resistance of 
Novel Tooth-Colored Restorative Materials 
(Under the direction of Terrence Donovan) 
 
Objective: To evaluate staining resistance of the three restorative materials (Ketac 
Nano: KN, Filtek Supreme: FS, and Filtek Silorane: FLS) and the influences from surface 
finishes (600-grit SiC, Sof-Lex: SL, and BisCover LV: BC). Methods: Specimens (n= 8) 
were fabricated for each group. The staining resistance was tested by immersion of 
specimens in a coffee solution and distilled water as a control. Total color changes (∆E*ab) 
from baseline to 28 days were evaluated by computed CIE L* a* b* values. Surface 
topography was assessed by atomic force microscopy. Results:  For KN and FS, 600-grit SiC 
had the highest ∆E*ab followed by SL and BC respectively. For FLS, BC had the highest 
∆E*ab followed by 600-grit SiC and SL respectively. An increase of surface defects of BC 
was observed.Conclusions: Filtek Silorane polished with Sof-Lex provided the most color 
stability whereas BisCover LV improved color stability of Ketac Nano and Filtek Supreme.  
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I. INTRODUCTION 
The demand for tooth-colored restorations is increasing1 and the development of the 
resin-containing tooth-colored restorative materials: composite resins, resin-modified glass 
ionomer cements (RMGIC), and compomers. At present, two main strategies to improve 
materials’ properties are: (i) increasing amount of filler proportion and decreasing filler size 
by application of nanotechnology and (ii) development of low polymerization shrinkage resin 
monomer.2-4  
For a restoration to be deemed successful, color match with adjacent tooth structure 
and color stability of the restorations are considered important factors. 5-7 However, 
discoloration of resin-based materials can occur over time as a function of the aging process 
and exposure to colorants in the oral environment.8, 9 This discoloration can be classified as 
intrinsic or extrinsic.  
Intrinsic discoloration is a consequence of incomplete polymerization and chemical 
degeneration of the resin matrix. It is directly related to resin phase composition; therefore, 
light-cured materials are likely to show less discoloration than chemical-cured materials 
because they contain fewer tertiary amines.10  Additionally, dimethacrylates monomers such 
as urethane dimethacrylate (UDMA) has been found to be more color stable than bisphenol-
A diglycidylether methacrylate (Bis-GMA) or triethylene glycol dimethacrylate 
(TEGDMA).11
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 In contrast, extrinsic discoloration results from adsorption or absorption of water 
soluble stains in the diet. The staining by colored solutions such as coffee, tea, red wine, 
nicotine, and beverages has been extensively reported in previous studies and the degree of 
color change is material dependent.12-16 Colorants can lead to yellow-brown stains in teeth as 
well as on the surfaces of restorations.11 It has been reported that nano-composites containing 
hydrophilic resin matrix demonstrate more discoloration in staining solutions after polishing, 
and the porosity in aggregated filler particles may contribute to staining susceptibility.17 By 
incorporation hydrophobic monomers into the resin matrix, materials should have better 
color stability due to lower water sorption, for example, siloranes; which have a cationic ring 
opening hybrid monomer system. The silorane-based resin composites have low 
polymerization shrinkage, insolubility in biological fluid simulants, and high color stability.3, 
18, 19
 In comparison to composite resins and compomers, RMGIC have more staining 
susceptibility due to their inherent hydrophilic nature.13, 20 Recently, mechanical properties 
and the esthetic appearance of RMGIC have been improved by adding nanofilled particles to 
produce a ‘nanoimomer’ material. 
Susceptibility to extrinsic staining can also be influenced by surface roughness of 
materials. Finishing and polishing procedures will determine the surface quality of 
restorations. Consequently, they influence superficial staining of the resin-based materials.13, 
21
 However, the results from previous studies reported that Mylar-finished material, which 
provided the smoothest surface, showed very intense staining when compared to the polished 
specimens because the resin-rich layer present on the outer surface.21, 22 For nanofilled 
composites, the degrees of surface roughness apparently do not correlate to severity of 
discoloration because after polishing their surfaces still retain a uniform texture.21, 23 Thus, 
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the staining agents in the coffee solution may not cause severe staining due to surface 
roughness.21, 24 
To improve clinical performance of restorations, surface sealants have been 
introduced to protect tooth-colored restorations, particularly conventional glass ionomer 
cement, from excessive hydration and dehydration during initial setting period.25 Previous in 
vitro studies suggested that a surface sealant reduced surface porosity and provided more 
uniform surface texture; therefore, it probably improved staining resistance compared to 
polished restorations.26-28 Scanning electron microscopy images have shown that surface 
sealant thickness ranging from 0 to 70 µm improved the surface texture of composite resins; 
however, a decrease of the microhardness of the composite surface was observed.29 In 
addition, a clinical study indicated that surface sealant application improved surface 
roughness, wear rate, and marginal integrity of posterior composite resin restorations.30 
However, use of surface sealants results in a reduction of the surface hardness, creates 
difficulty in obtaining a regular surface, and is incapable of protecting the surface in the long 
term.29, 31, 32 A new product (BisCover LV: BC; Bisco, Inc., IL, USA) has been recently 
introduced to the market and it is claimed by the manufacturer that the improved monomer 
(dipentaerythritol pentaacrylate) can be cured without an oxygen-inhibited layer and provides 
a smooth surface. However, few studies have been focused on the effectiveness and benefit 
of using surface sealant on staining resistance of the innovative materials: nanocomposites, 
low shrinkage resin composites and nanoimomer. 
 This in vitro study aimed to (i) measure changes in color of the three commercial 
restorative materials (Ketac Nano: KN, Filtek Supreme: FS, and Filtek Silorane: FLS; 3M 
ESPE, MN, USA) with different surface conditions after immersion in staining solution; (ii) 
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evaluate the change of surface topography with atomic force microscopy (AFM). Coffee was 
chosen as a treatment solution because a strong staining effect on composites and natural 
tooth structure has been illustrated.8, 12, 13, 16, 33 In addition, data from the National Health and 
Nutritional Examination Survey 1999-2002 indicated that coffee was almost exclusively 
consumed by adults and older people.34  
The significance of this study is providing information on the relative abilities of a 
range of restorative materials with different surface qualities to resist staining and alternative 
approaches in clinical practice to improve and maintain the esthetic appearance of 
restorations. The null hypothesis of this study is that staining resistance of the three novel 
tooth-colored restorative materials is not related to their surface features. 
  
II.  MATERIALS AND METHODS 
Shade A2 materials used in the present study are listed in Table 1. This study 
investigated the effect of coffee and distilled water as a control on surface staining resistance 
of the three commercial restorative materials in three surface conditions: 600-grit of silicon 
carbide (SiC) abrasive paper, Sof-Lex (SL) finishing and polishing disks, and surface coating 
with BisCover LV. 
A total of 48 specimens of each material were made and then randomly divided into 6 
groups (n = 8) related to types of staining solution and surface finishing methods. Summary 
of the experiment is illustrated in Figure 1. 
2.1. Specimen preparations 
 A stainless steel mold with holes 6 mm in diameter was used for specimen 
fabrication (6 mm in diameter; 1.5 + 0.1 mm in thickness). FS and FLS paste were packed 
into the mold directly with a plastic instrument whereas KN was mixed and manipulated 
according to the manufacturer’s instructions. The top surface was covered with a transparent 
matrix and then was pressed with a glass microscope slide in order to remove excess 
material. Then, the top surface was polymerized for 20s with 1,000 mW/cm2 light intensity 
using a light-emitting diode (LED) unit (Demetron A.2; Kerr Corporation) through the glass 
slides. After the sample disk was removal from the stainless steel mold, the bottom surface 
was then light cured for 20s. 
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The intensity of the light-curing unit was checked by using a radiometer tester. 
Specimens of each material were randomly assigned into one of the finishing and polishing 
methods: a 600-grit SiC abrasive paper, SL abrasive disks, and BC surface sealant.  
600-grit SiC abrasive paper: The cured specimens were ground wet to a uniform 
surface with 600-grit SiC abrasive paper for 10s on a 100-rpm grinding machine. 
SL abrasive disks: After polishing with 600-grit SiC paper, the top surfaces of all 
specimens were further polished with a fine and superfine polishing disk with a low-speed 
handpiece for 15s with each grit under constant cooling. After each polishing step, the disks 
were rinsed with water spray to remove debris and then blotted dry. 
BC surface sealant: The top surfaces of specimens in this group were covered with 
BC surface sealant following the manufacturer’s instructions. The top surface was etched 
with 37% phosphoric acid for 15s; rinsed with water for 30s and air dried with a 3-way 
syringe; applied with a thin layer of surface sealant liquid, which was lighed cured for 30s.  
The remaining surfaces of all specimens were protected with a nail varnish. All 
specimens were stored in 100% humidity at room temperature for 24h before baseline 
measurements. 
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Table 1: Materials used in the study 
Materials Classification Basic Composition Batch# 
Filtek Silorane: 
FLS; 
3M ESPE, 
MN, USA 
Low shrinkage 
microhybrid 
composite 
 
Bis-3,4-Epoxycyclohexylethy-Phenyl-
Methysilane  
3,4-Epoxycyclohexylcyclo- 
polymethysiloxane 
Silanized, Quartz, Yttrium fluoride 
(particle size ~ 0.1-2 µm, 55 vol%)  
 
8AK 
Filtek Supreme: 
FS; 
3M ESPE 
MN, USA 
Nanoparticle 
composite 
 
Bis-GMA, Bis-EMA, UDMA, 
TEGDMA 
Zirconia/silica cluster filler (particle 
size ~20-75 nm; cluster size ~ 0.6-1.4 
µm, 59.5 vol%)  
 
9YW 
Ketac Nano: 
KN; 
3M ESPE 
MN, USA 
Nanoiomer 
RMGIC 
 
Fluoroaluminosilicate glass 
Methacrylate functionalized nanofillers  
Polyalkenoic acid  
 
 
AH8AT 
BisCover LV: 
BC; 
Bisco, Inc 
IL, USA 
Low-viscosity 
light-cured resin 
Dipentaerythritol pentaacrylate  
Ethanol  
 
800004975 
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2.2. Testing in staining solutions 
The initial pH value of coffee solution was measured by using a digital pH electrode. 
The pH meter was calibrated by using standard solutions. The coffee was prepared fresh and 
changed every week. Ten grams of coffee was poured into 400 mL of hot water. Half of the 
specimens of each group were immersed in coffee solution and the remainders were stored in 
distilled water as a control. Each specimen was immersed individually in a volume of 1.5 mL 
of coffee solution or distilled water at 37˚C. Following the exposure, the specimens were 
prepared for color measurement and surface topography examination by rinsing with distilled 
water for 10s and blot drying. 
2.3. Color measurement with spectrophotometer and surface topography 
examination with atomic force microscopy (AFM) 
Color changes were measured at baseline, 1, 7, and 28 days, whereas surface features 
were evaluated at baseline and after 28 days of immersion. After removal of specimens from 
storage, baseline color measurements were performed with a spectrophotometer (Vita 
EasyShade; Vident). Before the measurements, the device was calibrated with a calibration 
block. Values were recorded in the Commission Internationale de l’Eclairage (CIE) L* a* b* 
color system. The measurements were performed by a single investigator and followed 
manufacturer’s instructions. Three measurements per test were taken in the “tooth single” 
mode. The area of measurement was located at the center of each specimen. During the 
measurement, a white background was used and the instrument tip was placed perpendicular 
and flush to the surface of the specimen. A clear acrylic sheet with punched-holes (6 mm in 
diameter, 1.5 mm in thickness) was used to stabilize the sample disks and locate the position 
of the tip. 
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Total color changes of each group at 1, 7 and 28 days were expressed in mean ∆E*ab 
unit that was calculated from the ∆L*, ∆a*, and ∆b* values from each specimen with the 
following formula: 
∆E*ab   = ((∆L*)2 + (∆a*)2 + ( ∆ b*)2 )1/2 
∆L*       = L*after – L*baseline 
∆a*  = a*after – a*baseline 
∆b*       = b*after –  b*baseline 
Using contact mode, the surface topography of a 100 x 100 µm area was analyzed 
with AFM (Model 5500; Agilent Technologies, Chandler, AZ). The scanning was controlled 
via PicoView (1.4.4) at a speed of 2 line/sec at a resolution of 512 pixels/line. An aluminum 
coated monolithic silicon tip (<10 nm nominal radii: ContAl; BudgetSensors) with a 
frequency of 13 kHz and a nominal spring constant of 0.2 N/m was used. One specimen from 
each group was selected as representative. The scanning area was nominally at the center of 
each specimen. Prior to scanning, the deflection sensitivity of the tip was calculated to 
measure the surface roughness of the specimen in absolute units. Using the ISO 25178 
analysis standard, the roughness was evaluated with PicoImage software. The standard 
deviation of the height distribution (root mean square surface height: Sq) and the arithmetical 
mean height (mean surface roughness: Sa) were calculated for the entire 104 µm2 scanned 
surface. The qualitative assessments of the two-and three-dimensional images were also 
reported.  
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2.4. Data analysis 
Statistical significance of the color changes for each restorative material was 
accomplished by three-way mixed design (repeated) anlysis of variance (ANOVA) at the 
95% confidence interval to examine the differences due to the main effects and the 
interactions between the independent variables using SAS statistical software (V.9.2). In 
cases where the significance was detected, multiple comparions comparisons using least 
significant difference test were performed. The dependent variables included the values of (i) 
L* a* b* measured directly by the spectrophotometer and (ii) the computed ∆E*ab. The 
independent variables were: (i) surface conditions, (ii) immersion solutions, and (iii) 
immersion durations. 
Preliminary analyses were carried out to test intra-class correlation coefficient (ICC) 
of the spectrophotometer for L* a* b* values. This was done on sixteen shade tabs of a Vita 
Classic shades guide. Repeated measurements showed high levels of consistency 
/reproducibility in each set of measurements within each shade tab. All further analysis on 
the sample disks used the averaged values from the three consecutive measurements on each 
sample and ICC was calculated. 
 
  
  
 KN 
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Figure 1: Experimental design 
FLS FS 
Distilled Coffee 
•1.5 mL
•37 C
Immersion
•Every  week
Change 
solution
600-grit SiC, SL, and BC  
At baseline 
Color measurement with spectrophotometer 
Surface topography with AFM scanning 
 
At 1, 7, and 28 days 
Color measurement with spectrophotometer
At 28 days 
Surface topography with AFM scanning 
 
 
 
III. RESULTS 
 
3.1. Intra-class correlation coefficient (ICC) for L* a* b* values 
ICC for L* a* b* values were high (L* = .999, a* =. 999, and b* = .976), indicating a 
high consistentcy of the device in making repeated measurements of the same shade tab. 
3.2. Visual examination 
The coffee solution was acidic with mean pH of 4.8 (4.6-5.0). Figures 2-4 illustrate 
pictures of representative specimens at baseline and 28 days. After 28 days of immersion, the 
color of specimens immersed in distilled water seemed to be stable. Colors turned into 
reddish brown and could be noticeable after 7 days storage in coffee solution in most groups. 
KN exhibited the darkest color for all surface conditions. BC surface sealant apparently 
provided the least color change for KN and FS, but not for FLS. For FLS, there was no 
obvious difference between the three surface conditions. Furthermore, the BC surface sealant 
developed defects over time: peeling of the surface sealant at the margins, cracks, and voids 
were observed in all tested materials (Figure 5). 
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Figure 2: Representatives of KN at baseline (A, B, C) and 28 days of immersion in distilled 
water (D, E, F) and coffee solution (G, H, I). A, D, G = 600-grit SiC. B, E, H = SL and C, F, 
I = BC 
 
Figure 3: Representatives of FS at baseline (A, B, C) and 28 days of immersion in distilled 
water (D, E, F) and coffee solution (G, H, I). A, D, G = 600-grit SiC. B, E, H = SL. and C, 
F, I = BC. 
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Figure 4: Representatives of FLS at baseline (A, B, C) and 28 days of immersion in distilled 
water (D, E, F) and coffee solution (G, H, I). A, D, G = 600-grit SiC. B, E, H = SL. and C, 
F, I = BC. 
 
Figure 5: Defects of surface sealant after 28-day of immersion in coffee solution. A = FLS, B 
= FS, C= KN. 
 
3.3. Vita Classic shades 
To provide a clinical perception, the color changes and variations of each material 
presenting as Vita Classic shades were illustrated in Figure 6. At baseline, it can be observed 
that BC surface sealant altered the colors of FS and FLS whereas the effect cannot be seen in 
KN. At 28 days of immersion in coffee solution, the changes of Vita Classic shades 
compared to the control group particularly for KN and FS were clearly observed. In addition, 
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there was no marked difference in color shift between 600-grit SiC and SL polishing (C4), 
but they both differed from BC (A4). For FS, the magnitude of color differences between the 
two immersion solutions was small, regardless of surface conditions.  
 
Figure 6: The color changes of KN, FS, and FLS as a function of time, immersion solutions, 
and surface conditions expressed as Vita Classic shades. 
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3.4. CIE L*a*b  
Table 3. illustrates means and standard deviations of L* a* b* values at baseline and 
28 days of immersion. 
3.4.1. Lightness (L*) 
The changes in the lightness parameter of each material are illustrated in Figure 7. 
After 1 day of staining in coffee solution, L* values in KN and FS were considerably 
decreased in contrast to FLS, which was only slightly decreased. For the control groups, the 
L* values of FS and FLS were somewhat increased as a function of time whereas the 
lightness values of KN were more stable.  
When considering the effect from surface condition, the amount of change in BC 
surface sealant was the smallest compare to those of 600-grit SiC and SL for KN and FS. In 
contrast to FLS, the L* values of all three surface conditions were slightly different. 
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Figure 7: Changes of L* values of KN, FS, and FLS in the two immersion solutions as a 
function of time and surface conditions. 
 
3.4.2. Red-Green (a*) 
Figure 8 illustrates the changes of the red-green parameter. For KN, a* values were 
not susceptible to change during the period of immersion in distilled water compared to FS 
and FLS. However, changes in a* values for both materials seemed to be steady after 7 days 
of immersion. Positive shift in a* indicated a red color. The coffee solution continuously 
increased saturation of the red color for all tested materials. The greatest amount of change 
was seen in 600-grit SiC followed by SL and the lowest change was found in BC. For FLS, 
red-green values of SL somewhat closed to BC.  
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Figure 8: Changes of a* values of KN, FS, and FLS in the two immersion solutions as a 
function of time, and surface conditions. 
3.4.3. Yellow-blue (b*) 
Figure 9 illustrates the changes of the yellow-blue parameter. For KN, b* was not 
susceptible to change during the period of immersion in distilled water compared to FS and 
FLS. However, the change was minimal after 7 days of immersion for FS and 1 day for FLS. 
Positive shift in b* indicated yellow color. Saturation of yellow color was increasing 
after immersion in coffee solution for all tested materials. For KN polished with 600-grit SiC 
and SL, the greater change of the b* values was seen during the first 7 days and then it was 
likely to be stable whereas there was a gradual raise of the b* value in BC throughout the 
immersion period. However, among the three surface conditions, BC had the lowest b* 
value.  
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For FS, there was a continuous increase of the b* values in 600-grit SiC and SL 
groups while b* value slightly increased after the first day of immersion in BC group. The 
highest b* value was observed in 600-grit SiC followed by SL and BC surface sealant 
respectively. For FLS, the b* values were slightly increase after the 1 day of immersion and 
then appeared to be stable regardless of surface conditions. The highest b* value was seen in 
BC surface sealant followed by 600-grit SiC and SL respectively. 
 
Figure 9: Changes of b* values of KN, FS, and FLS as a function of time, immersion 
solutions, and surface conditions. 
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Table 3: Means and standard deviations of L* a* b* variables at baseline, 1, 7 and 28 days of 
immersion 
Materials Solutions Surfaces Time N Mean(SD) 
 
    L* a* b* 
KN Coffee BC T0 8 82.82(.80) 1.61(.24) 30.05(.69) 
 
  T1 8 82.60(.97) 2.28(.28) 33.81(1.37) 
 
  T7 8 79.67(1.08) 2.95(.29) 35.99(1.00) 
 
  T28 8 72.09(2.23) 4.97(.98) 40.36(3.29) 
 
 600-grit  T0 8 83.08(1.17) 2.35(.42) 33.04(1.43) 
 
  T1 8 79.91(1.83) 3.70(.61) 43.24(1.67) 
 
  T7 8 69.05(3.26) 8.28(1.38) 51.73(1.24) 
 
  T28 8 44.49(3.52) 19.16(1.37) 50.21(2.07) 
 
 SL T0 8 82.70(.74) 2.05(.29) 31.59(1.04) 
 
  T1 8 78.67(.85) 3.85(.42) 41.62(.62) 
 
  T7 8 67.75(2.48) 7.73(.85) 49.32(1.18) 
 
  T28 8 46.43(3.62) 17.93(1.11) 50.69(1.57) 
KN Water BC T0 8 83.06(.73) 1.90(.44) 31.03(1.32) 
 
  T1 8 84.39(.98) 2.09(.39) 31.56(1.44) 
 
  T7 8 83.84(.97) 2.06(.38) 31.82(1.48) 
 
  T28 8 83.70(.99) 2.53(.46) 33.18(1.59) 
 
 600-grit  T0 8 83.53(.85) 2.24(.53) 32.89(1.33) 
 
  T1 8 83.94(.83) 2.69(.52) 33.49(1.16) 
 
  T7 8 82.91(.77) 2.35(.51) 32.78(1.19) 
 
  T28 8 82.94(.97) 2.69(.57) 33.53(1.22) 
 
 SL T0 8 82.57(.93) 2.15(.24) 32.14(.81) 
 
  T1 8 83.68(1.03) 2.75(.25) 33.62(.80) 
 
  T7 8 82.70(.60) 2.56(.33) 33.38(.96) 
 
  T28 8 82.11(1.03) 3.15 (.35) 34.36(1.04) 
FS Coffee BC T0 8 79.34(.73) 1.30(.47) 31.34(1.46) 
 
  T1 8 78.31(.41) 3.76(.35) 36.28(1.10) 
 
  T7 8 77.20(.44) 5.80(.40) 37.70(.73) 
 
  T28 8 71.5(.86) 7.20(.57) 38.18(.90) 
 
 600-grit  T0 8 79.92(.94) 1.82(.35) 30.08(.87) 
 
  T1 8 77.24(.64) 4.94(.44) 36.33(4.47) 
 
  T7 8 72.60(.52) 7.82(.48) 41.13(.79) 
 
  T28 8 63.90(.66) 11.32(.45) 44.75(.72) 
 
 SL T0 8 80.11(1.03) 1.87(.21) 30.49(.46) 
 
  T1 8 76.64(1.12) 4.91(.27) 37.90(.61) 
 
  T7 8 72.93(.81) 7.75(.29) 41.47(.62) 
 
  T28 8 64.73(.79) 10.27(.38) 43.30(.93) 
 
 
21 
 
Materials Solutions Surfaces Time N Mean(SD) 
 
    L* a* b* 
FS Water BC T0 8 78.93(1.11) 1.45(.47) 30.38(1.05) 
 
  T1 8 80.41(.76) 2.90(.40) 32.03(.57) 
 
  T7 8 82.39(.83) 4.11(.42) 33.68(.44) 
 
  T28 8 83.23(.97) 4.16(.35) 33.11(.40) 
 
 600-grit  T0 8 79.84(.67) 1.94(.19) 30.36(.39) 
 
  T1 8 81.16(.65) 3.24(.21) 31.39(.48) 
 
  T7 8 82.72(.66) 4.35(.12) 32.91(.35) 
 
  T28 8 84.18(.69) 4.53(.27) 33.48(.36) 
 
 SL T0 8 79.91(.86) 1.77(.30) 30.37(.67) 
 
  T1 8 81.04(.86) 3.28(.21) 31.66(.56) 
 
  T7 8 83.01(.98) 4.20(.15) 33.23(.52) 
 
  T28 8 83.63(.78) 4.08(.12) 32.95(.58) 
FLS Coffee BC T0 8 83.36(1.38) .36(.16) 27.24(.60) 
 
  T1 8 83.51(1.31) 1.17(.16) 34.40(.54) 
 
  T7 8 82.97(1.26) 1.05(.25) 34.85(1.0) 
 
  T28 8 81.93(1.56) 1.55(.35) 35.58(.60) 
 
 600-grit  T0 7 83.05(2.23) .55(.47) 26.41(1.66) 
 
  T1 7 83.40(1.45) 1.34(.41) 31.91(1.21) 
 
  T7 7 82.43(1.48) 1.78(.44) 33.72(1.16) 
 
  T28 7 80.86(1.26) 2.42(.37) 34.31(1.36) 
 
 SL T0 8 81.90(.49) .54(.12) 26.40(.81) 
 
  T1 8 82.60(.79) 1.29(.17) 31.85(.90) 
 
  T7 8 81.32(1.02) 1.40(.46) 32.08(.98) 
 
  T28 8 82.50(.78) 1.58(.34) 33.38(.62) 
FLS Water BC T0 8 83.78(1.31) .37 (.17) 27.33 (.89) 
 
  T1 8 85.42(1.13) .43(.20) 31.08(1.25) 
 
  T7 8 86.53(.82) -.59(.49) 30.31(.60) 
 
  T28 8 88.24(1.06) -.35 (.35) 30.41 (.91) 
 
 600-grit  T0 8 83.73(1.37) .71(.30) 27.49(.83) 
 
  T1 8 86.01(1.78) .84(.23) 31.09(1.41) 
 
  T7 8 87.58(1.39) .02(.35) 30.68(.74) 
 
  T28 8 88.30(2.13) .16(.40) 30.47(1.05) 
 
 SL T0 8 83.76(1.51) .77(.32) 27.00(.74) 
 
  T1 8 86.20(1.49) .97(.41) 30.56(1.06) 
 
  T7 8 87.77(1.61) .46(.43) 31.08(.93) 
 
  T28 8 89.20(1.22) .64(.48) 31.40(.95) 
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3.4.4. Total color change (∆E*ab) 
Means and standard deviations of ∆E*ab calculated from ∆L* ∆a* ∆b* values of each 
group are illustrated in Table 4 and Figures 10-12. The changes of ∆E*ab varied by type of 
materials. For KN and FS, the three-factor mixed design ANOVA (repeated-measures) 
revealed that the ∆E*ab values increased when the immersion period was increased and ∆E*ab 
values differed according to surface conditions and immersion solutions. The same trends of 
color changes were observed in both tested materials. The two between-subjects variables 
(staining solutions and surface conditions) and the interactions between the two factors 
significantly affected ∆E*ab. Multiple comparisons showed that the ∆E*ab of specimens 
immersed in coffee solution was significantly higher than those immersed in distilled water 
regardless of surface conditions. There was no statistically significant difference of the ∆E*ab 
among three surface conditions immersed in distilled water. In contrast to immersion in 
coffee solution, the p-value (<.001) indicated that there was a significant difference between 
BC and SL; BC and 600-grit SiC; however, there was no significant difference between SL 
and 600-grit SiC. Among the three surface conditions, BC had the lowest number of the 
∆E*ab.  
For FLS, the directions of changes appeared to relate to time and immersion solution 
(p < 0.001) but pattern of changes was not influenced by surface condition (p = 0.40). There 
was no significant difference of ∆E*ab among three surface conditions immersed in distilled 
water at 1- and 7- day immersion. In coffee solution, there was no significant difference of 
the ∆E*ab between 600-grit SiC and BC; however, they both significantly differed from SL 
groups at 28 days of immersion. The highest amount of color changes at 28 days was 
observed in BC surface sealant followed by 600-grit SiC and SL. In addition, the ∆E*ab of 
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group polished with SL immersed in coffee solution did not significantly differ from group 
polished SL immersed in distilled water. 
 
 
Figure 10: Changes of ∆E*ab of KN in the two immersion solutions as a function of time and 
surface conditions. 
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Figure 11: Changes of ∆E*ab of FS in the two immersion solutions as a function of time and 
surface conditions. 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Changes of ∆E*ab of FLS in the two immersion solutions as a function of time and 
surface conditions. 
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Table 4: Means and standard deviations of ∆E*ab at 1, 7, and 28 days of immersion for KN, 
FS, and FLS respected to immersion solutions and surface conditions 
Materials Solutions Surfaces N Mean(SD) ∆E*ab 
 
   1 day 7 days 28 days 
KN Coffee BC 8 3.86(1.12)c 6.87(.66)c 15.47(2.76)c 
 
 600-grit  8 10.73(2.11)b 24.01(3.12)b 45.29(3.14)b 
 
 SL 8 10.98 (.89)b 23.92(2.39)b 44.03 (2.95)b 
KN Water BC 8 1.47(.50)a 1.39(.43)a 2.42(.50)a 
 
 600-grit  8 .96(.23)a .89(.47)a 1.36(1.12)a 
 
 SL 8 2.18(.77)a 1.50(.65)a 2.74(.89)a 
FS Coffee BC 8 5.66(1.13)c 8.18(1.34)c 11.91(1.05)d 
 
 600-grit  8 8.44(1.22)b  14.58(.65)b 23.75(.64)c  
 
 SL 8 8.75(.54) b 14.40(.78)b 21.75(1.14)b  
FS Water BC 8 2.67(.77)a 5.49(.99)a 5.80(.98)a 
 
 600-grit  8 2.13(.47)a 4.55(.47)a 5.96(.66)a 
 
 SL 8 2.30(.38)a 4.87(.44)a 5.11(.81)a 
FLS Coffee BC 8 7.40(1.08)c 7.93(.61)b 8.85(.46)b 
 
 600-grit  7 5.66(.96)b 7.49(.74)b 8.54(.68)b 
 
 SL 8 5.58(.55)b 5.94(1.22)a 7.11(1.08)c 
FLS Water BC 8 4.10(.72)a 4.25(1.05)a 5.52(1.65)a 
 
 600-grit  8 4.33(.98)a 5.09(.67)a 5.56(1.32)a 
 
 SL 8 4.34(.78)a 5.74(.80)a 7.03(1.51)c 
Means with the same subscripts indicates that color changes of each material compared at 
each immersion period are not significantly different at p>.05. 
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3.5. Surface topography 
Figures 13-33 show the 2- and 3-dimensional AFM images of representative of KN, 
FS, and FLS at baseline and after 28 days of immersion. By visual examination, the 
smoothest surface was observed in the BC surface sealant group, followed by SL and 600-
grit SiC for all tested materials. Small porosities and pitted surfaces were presented within 
the superficial surface of BC surface sealant at baseline and the severity seemed to increase 
after 28 days of immersion. However, the surface texture of the three materials polished with 
600-grit SiC and SL appeared to be smoother. Only one specimen was examined for each 
group; therefore, no statistical analysis was performed for Sa and Sq values. 
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Figure 13: 2-dimentional AFM images of KN at baseline (A, B, C) and 28 days of immersion 
in distilled water (D, E, F) and coffee solution (G, H, I). A, D, G = 600-grit SiC. B, E, H = 
SL and C, F, I = BC. 
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Figure 14: 3-dimentional AFM 
image of KN polished with 600-grit 
SiC at baseline (Sa = 0.63 µm, 
 Sq = 0.73 µm) 
 
 
 
 
Figure 15: 3-dimentional AFM 
image of KN polished with SL at 
baseline (Sa = 0.52 µm, 
 Sq = 0.63 µm) 
 
 
 
 
 
Figure 16: 3-dimentional AFM image 
of KN applied with BC surface sealant 
at baseline (Sa = 0.31 µm,  
Sq = 0.38 µm) 
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Figure 17: 3-dimentional AFM image 
of KN polished with 600-grit SiC after 
28 days of immersion in coffee solution 
(Sa = 0.45 µm, Sq = 0.55 µm) 
 
 
 
  
 
Figure 18: 3-dimentional AFM image 
of KN polished with SL after 28 days 
of immersion in coffee solution 
 (Sa = 0.62 µm, Sq = 0.74 µm) 
 
 
 
 
Figure 19: 3-dimentional AFM image 
of KN applied with BC surface sealant 
after 28 days of immersion in coffee 
solution (Sa = 0.80 µm, Sq = 0.95 µm) 
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Figure 20: 2-dimentional AFM images of FS at baseline (A, B, C) and 28 days of immersion 
in distilled water (D, E, F) and coffee solution (G, H, I). A, D, G = 600-grit SiC. B, E, H = 
SL and C, F, I = BC. 
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Figure 21: 3-dimentional AFM image of 
FS polished with 600-grit SiC at 
baseline (Sa = 0.70 µm, Sq = 0.82 µm) 
 
 
 
 
 
Figure 22: 3-dimentional AFM image of 
FS polished with SL at baseline  
(Sa = 0.50 µm, Sq = 0.60 µm) 
 
 
 
 
 
Figure 23: 3-dimentional AFM image of 
FS applied with BC surface sealant at 
baseline (Sa = 0.31 µm, Sq = 0.38 µm) 
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Figure 24: 3-dimentional AFM image 
of FS polished with 600-grit SiC after 
28 days of immersion in coffee 
solution (Sa = 0.76 µm, Sq = 0.94µm) 
 
 
 
 
Figure 25: 3-dimentional AFM image 
of FS polished with SL after 28 days of 
immersion in coffee solution 
 (Sa = 0.44 µm, Sq = 0.56 µm)  
 
 
 
 
 
Figure 26: 3-dimentional AFM image 
of FS applied with BC surface sealant 
after 28 days of immersion in coffee 
solution (Sa = 0.86 µm, Sq =1.01 µm) 
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Figure 27: 2-dimentional AFM images of FLS at baseline (A, B, C) and 28 days of 
immersion in distilled water (D, E, F) and coffee solution (G, H, I). A, D, G = 600-grit SiC 
B, E, H = SL and C, F, I = BC. 
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Figure 28: 3-dimentional AFM image 
of FLS polished with 600-grit SiC at 
baseline (Sa = 0.76 µm, Sq = 0.64 µm) 
 
 
 
 
 
Figure 29: 3-dimentional AFM image 
of FLS polished with SL at baseline 
(Sa = 0.21 µm, Sq = 0.27 µm) 
 
 
 
 
Figure 30: 3-dimentional AFM image 
of FLS applied with BC surface 
sealant at baseline (Sa = 0.47 µm, 
 Sq = 0.55 µm) 
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Figure 31: 3-dimentional AFM image of 
FLS polished with 600-grit SiC after 28 
days of immersion (Sa = 0.85 µm, 
 Sq = 1.0 µm) 
 
 
 
 
Figure 32: 3-dimentional AFM image of 
FLS polished with 600-grit SiC after 28 
days of immersion (Sa = 1.09 µm, 
 Sq = 1.29 µm) 
 
 
 
 
Figure 33: 3-dimentional AFM image of 
FLS applied with surface BC surface 
sealant after 28 dyas of immersion  
(Sa = 0.59 µm, Sq = 0.72 µm) 
  
IV.  DISCUSSION 
The null hypothesis of this study was rejected. The results indicated that staining of 
the three novel tooth-colored restoratives was related to immersion period. Staining 
susceptibility of the two restorative materials (KN and FS) was influenced by their surface 
qualities and the interaction with immersion times and staining solutions. On the contrary, 
surface finish alone did not significantly influence the ∆E*ab of FLS. Among the three tested 
materials, FLS apparently had the least total color change regardless of the surface quality. 
In the present study, coffee was selected as a treatment solution because it has been 
shown to have strong staining effect on composite resins, RMGIC, and natural tooth 
structure. 8, 16, 20, 23, 33, 35 To evaluate color changes, visual or instrumental techniques can be 
applied; however, comparison of color changes by human perception has been considered as 
an unreliable method. 36 Therefore, a spectrophotometer (Vita Easyshade), an intraoral color 
matching device, was applied to perform objective color measurement in the present study. 
Means of ∆E*ab values were used to compare the color differences between groups. ∆E*ab 
mathematically expresses the total amount of changes of L* a* b* coordinates in a color 
space of tested specimen at the two different time points. Consistency of repeated color 
measurement of the color measuring devices is considered from their repeatability values. A 
clinical study testing the repeatability of three intraoral color measuring devices suggested 
that Vita Easyshade had larger variability in measurement L* a* b* values in comparison to 
Spectroshade Micro and X-Rite ShadeVision due to a limitation of a spot measurement (SM). 
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Vita Easyshade can measure tooth color in a small area (~ 3 mm2) that is determined 
by the diameter of the optical device aperture. Therefore, it may produce more errors in 
measurement of a non-homogeneous shade structure of the tooth compared to those two 
devices, which are complete tooth measurement (CTM) devices.37 In addition, to obtain a 
consistent measurement, the ability to place measuring tip at the same position for every 
measurement is crucial. In the study, there was no index used to ensure that the tip was 
placed properly. In vitro studies have showed the contrary results when two horizontal and 
two verticals lines or positioning jigs were used to facilitate the tip positioning.38, 39  
Reliability and accuracy of Vita Easyshade values greater than 90% for shade matching39 and 
the high repeatability of L* a* b* values (L* = .928, a* = .814, b* = .852) were illustrated.38 
In the present study, color parameters of each specimen were measured three times 
and a clear acrylic sheet with punched-holes (6 mm2 in diameter, 1.5 mm in thickness) was 
used to stabilize the sample disks and locate the position of the tip during the measurement. 
Repeatability obtained from the study was excellent (L* = .999, a* = .999, b*= .976). 
Provided L* a* b* values make a possibility to detect and compare color differences 
below the visual perception threshold. However, it is not intuitive in comparison to shade 
guides.Therefore, color matching with Vita Classic shades was also reported in this 
study.The diversity of color shades within groups was observed. It might be the result of 
variation in thickness and surface quality of sample disks due to manual specimen 
preparation.  
Similar to previous studies, immersion in coffee solution can lead to yellow-brown 
stains on the surfaces of composite resins and RMGIC.11 In addition, color changes of the 
tested materials varied by type of materials, surface finishing methods, immersion solutions, 
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and immersion duration. When restoratives were immersed in distilled water, the color 
differences were barely noticeable. This finding is in agreement with previous studies.16, 21, 23, 
28
 The longer of immersion period, the darker of Vita Classic shades was observed. The 
darkest color (Vita shade C4) was presented in KN and FS at 28 days of immersion in the 
coffee solution when they were polished with 600-grit SiC or SL while Vita shade A3.5 was 
the most frequent shade found in BC surface sealant group for both materials. For FLS, the 
shade distribution of specimens in distilled water and coffee solution seemed to be similar. 
The common Vita shade for 600-grit SiC and SL was A3 and B3 while B3 was for BC 
surface sealant. This result suggested that BC surface sealant application was more likely to 
improve staining resistance of KN and FS than FLS.  
Color measurements at baseline indicated that color of the specimens coated with BC 
surface sealant differed from those polished with 600-grit SiC and SL for FS and FLS. 
However, this certain effect was not noticeable in KN. AFM photographs revealed that 
surface roughness of RMGIC was likely more irregular than that of composite resins. It 
perhaps enhanced penetration of surface sealant by capillary actions, 28 resulting in a thinner 
layer of the surface sealant applied on RMGIC specimens than that on composite resins. 
Nonetheless, in the study we did not examine film thickness of the surface sealant. The 
spectrophotometer measured the light reflected from the surface. A thick surface sealant 
layer might alter the reflected light. Therefore, the thicker surface coating layer may 
contribute to the difference of color in specimens applied with BC surface sealant compared 
to those polished with 600-grit SiC or SL in composite resin specimens. Clinically, the 
application of BC surface sealant on composite resin restorations will probably affect color 
matching. 
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Color space parameters confirmed that color changes increased as a function of time. 
A marked change can be observed after 7 days of immersion in coffee solution. The findings 
are in accordance with previous studies.22, 23 Coffee may stain restoratives by adsorption and 
by adsorption of its colorant onto/into the organic phase of the resin composite.40 These two 
mechanisms appear to relate to hydrophobicity/ hydrophilicity and surface irregularity of 
materials. Previous in vitro studies have showed that hydrophilic property of restoratives is 
associated with higher water absorption and lower staining resistance. 13, 41, 42 Among the 
three tested materials, KN which is a resin-modified glass ionomer, is inherently a 
hydrophilic material due to the polyalkenoic acid component and a resin component 
(Hydroxyethyl methacrylate: HEMA). FS and FLS are composite resins, which polymers 
forming a resin matrix play a major role to determine their hydrophilicity/ hydrophobicity. A 
hydroxyl functional group in HEMA influences the hydrophilic property of materials even 
after polymerization. It has been shown that materials containing HEMA exhibit less color 
stability. 42 Composite resins containing UDMA and bis-EMA have been found to be more 
stain resistant than TEGDMA.11, 43, 44 The resin matrix of FS is composed of bis-GMA, bis-
EMA, UDMA, and TEGDMA. Incorporation of greater amount of TEGDMA resulted in an 
increase in water uptake in bis-GMA based resin has been illustrated in previous studies. 45  
A previous study has shown that FS had less color stability compare to other nanofilled 
composite resins due to its resin matrix and the possible porosity in aggregated filler 
particles.17 The resin matrix of FLS is siloranes, which contains chemical building blocks of 
siloxanes and oxiranes polymers. Water sorption of FLS restorative is very low due to        
the hydrophobicity of the silorane matrix resulting in a very low tendency of exogenic 
staining.18, 19 
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According to inherent hydrophilic property of KN and FS, their surface qualities 
seemed to be a more critical factor to staining resistance more than did FLS. Therefore, the 
application of BC surface sealant significantly improved staining resistance of KN because it 
limited the water movement. The result is in accordance with studies using a protective 
coating of light- cured bonding or glazing agents to enhance color stability of glass ionomer 
cements. It has also indicated that surface sealant improved surface smoothness by reducing 
microdefects and microcracks.28 In addition, it also suggested that surface sealant will 
provide better staining resistance than a polished resin composite.28 In the present study, the 
surface sealant significantly improved color stability for the two inherently hydrophilic 
materials (KN and FS) whereas application BC surface sealant on the hydrophobic material 
(FLS) produced the highest total color change. This finding is contrary to a study conducted 
by Güler  and colleages.43 The greatest color change was observed in composite resins 
specimens applied with BC surface sealant compared to other finishing procedures after 48 
hour of immersion. The difference of immersion time, surface roughness of specimens, and 
chemical component of coating material may contribute to inconsistent results.  
With the same polishing method, AFM images revealed that surface texture of KN 
appeared to be more irregular than did FS and FLS. The smoothest surfaces were observed in 
the BC surface sealant followed by SL and 600-grit SiC for each tested material. However, 
∆E*ab of specimens polished with 600-grit SiC and SL was slightly different. The staining 
susceptibility of the three novel tooth-colored restoratives in the study apparently are not 
directly associated with their surface roughness. The finding is similar to previous in vitro 
studies. 21, 23 For the two nanoparticles restorative materials (FS and KN), it might because 
nanosized particles were homogeneously dispersed in the organic matrix; there
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uniform surface textures were obtained after polishing.21, 24 Even the degrees of surface 
roughness polished with 600-grit SiC and SL were different, the amounts of color changes 
were not significant difference.  
FLS was classified as microhybrid composite with average particle size 0.47 µm of 
quartz and yttrium fluoride. However, from AFM images the surface texture after being 
polished with 600-grit SiC and SL seemed to be similar with FS. A previous study has shown 
that mean surface roughness of microhybrid and nanofilled composite resins after polishing 
was not significantly different though the size and the distribution of fillers differed.17 The 
primary filler particle of FS is 5-20 nm silica filler; however, the aggregated filler particles 
range from 0.6- 1.4 µm, which is close to the filler size of microhybrid composite resins. 
Therefore, the surface roughness of FS and FLS was in the same range after polishing. 
Clearly, FLS was the most color-stable tested restorative material and the observed 
color change primarily resuled from BC surface sealant rather than water sorption or surface 
roughness. It can imply that stability of dipentacrythritol pentaacrylate in oral environment, 
which is BC’composition, is less than that of the silorane resin matrix. In addition, the pitted 
surfaces in specimens applied with BC surface sealant and the increased severity were 
observed after 28 days of immersion. Because, ethanol presents more than 30% of the 
composition of the BC liquid, the superficial surface defects might have resulted from the 
evaporation of ethanol. Therefore, clinically it is unreasonable to compromise quality of FLS 
restorations by application of BC surface sealant instead of using a conventional finishing 
and polishing method. In addition, the retention of BC surface sealant on restorations in the 
long term is still questionable, since the increased surface defects were illustrated by clinical 
observations and AFM images after aging. Colorants may penetrate through the surface 
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defects and deposit at the interface between the surface sealant and the restorations. 
Consequently, it probably results in more discoloration in long term. 
To extrapolate the results from this study to clinical application, it should be 
understood that the staining resistance was tested in a very aggressive environment. The 
experiment did not simulate the role of saliva, oral clearance, and brushing that may dilute 
the concentrations of the staining solution or remove the staining substance from the 
specimens’ surfaces. On the other hand, it might underestimate the degradation of surface 
sealant, since there was no effect from enzyme and wear from oral function.  
  
  
V. CONCLUSION 
  Within the limitations of this study, the following conclusions were drawn: 
1. Hydrophobic restorative materials provide better staining resistance than do  
hydrophilic restorative materials.  
2. The application of a surface sealant might improve staining resistance of  
hydrophilic materials by providing a smooth surface and limitation of water movement. 
3. With the same polishing procedures (600-grit SiC or SL), surface textures of  
Filtek Silorane and Filtek Supreme seemed to be similar; therefore, the higher the  
discoloration of Filtek Supreme is mainly resulting from the resin matrix. 
4. Application of surface sealant will alter the color of restorations. 
5. The long-term clinical success of surface sealant agent is still questionable due to  
the increased of the surface defects over time. 
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